Abstract Dry beans are rich sources of dietary fiber and phytochemicals such as flavonoids and phenolics that exhibit good functional properties. In current study line, cooking and soaking time effects were investigated on water absorption, splitting and texture of different Iranian red kidney beans to determine the best lines and the best soaking time related to them for industrial use. D81083 line had the highest level of water absorption after 24 h soaking followed by Akhtar and KS31164 lines while Azna, Goli and Naz lines had the lowest level of water absorption (p<0.05). Akhtar and Sayyad had the highest level of splitting while KS31164 had the lowest level of splitting (p<0.05). Soaking of Akhtar line for 24 h caused the highest level of water absorption accompanied with low splitting level. 24 h soaking and longer cooking time is recommended for Sayyad, while 12 h soaking and longer cooking time is recommended for KS31164 line. 24 h soaking causes higher level of water absorption and lower level of splitting in Derakhshan line. The effects of line, cooking and soaking time on red bean texture were significant (p<0.01).
Introduction
Dry beans (Phaseolus spp. L.) are the most important grain legumes for human consumption. Dry beans have been cultivating for thousands of years, and have been playing an important role in the traditional diets of many regions throughout the world (Meng and Ma 2001; Oboh et al. 1998; Rehman and Shah 2005) . In spite of most developing countries dry beans are less significant in western diets. The daily per capita consumption of all bean products in Asia is 110 g compared to about 9 g in the United States (Boateng et al. 2008) . Beans (Phaseolus vulgaris L.), are excellent sources of proteins (20-30%) and carbohydrates (50-60%) and fairly good sources of minerals and vitamins (Rehman and Shah 2004; Yin et al. 2008) . Dry beans are widely known for their fiber, mineral and protein contents. The flour and protein concentrate of red bean exhibited good functional properties (Tang 2008) . Resistant starch is important due to its various beneficial health properties mostly mediated by short chain fatty acids produced during its fermentation in the large intestine. Legumes contain higher amount of resistant starch in comparison to cereals and tubers (Yadav et al. 2010) .
Numerous processing and cooking methods have been shown to possibly reduce antinutrients such as trypsin inhibitors and phytic acid, and increase the content of tannins, catechins and polyphenols possessing antimutagenic and antioxidant activities (Boateng et al. 2008) . Antinutrients commonly found in plant foods such as saponins, tannins and phytate reduce the availability of nutrients and cause growth inhibition. Some of them contribute to flatulence production in consumers (Oboh et al. 1998) . Therefore, many attempts have been made to reduce the levels of the anti-nutritional substances and improve the nutritive value (Abd El-Hady and Habiba 2003) . Soaking of beans before cooking is a common practice to soften texture and hasten the cooking process. Soaking has also been suggested for reducing anti-nutritional substances and improving cooking quality (Rehman et al. 2001) . In traditional cooking, beans are first soaked overnight to increase the availability of water in the seeds prior to cooking and, thereby accelerate chemical reactions such as starch gelatinization and protein denaturation during cooking (Bellido et al. 2006) . Hydration of dry beans before cooking or canning is usually considered necessary to decrease cooking times and increase drained weight. Other beneficial effects of a soaking period include a softer drained texture, and partial removal of stachyose and raffinose, which are related to flatulence (Taiwo et al. 1998) .
It has been observed by earlier workers, that different cooking methods improve the nutritional quality of food legumes and grains to various extents (Rehman and Shah 2005; . As well as being inconvenient to both consumers and producers, long soaking times can potentially increase harmful microbial proliferation. Soaking allows water to be distributed among starch and protein fractions within the legume. As soaking proceeds, water penetrates the seed coat, travelling through the cotyledons and towards the centre of the bean. Such water absorption causes the bean to become soft and uniform in texture (Gowen et al. 2007) .
Very little information is available about Iranian red beans and the main aim of present work was to study the effect of different soaking and cooking time on water absorption and textural properties of red kidney beans.
Materials and methods

Raw dry beans
Red kidney beans (Phaseolus vulgaris), used in this study were obtained from Khomein Agricultural Research Institute (Arak, Iran). Azna, Goli, D81083, Akhtar, Sayad, Naz, KS31164, Derakhshan lines were selected for this study. Samples were stored in hermetically sealed bags at room temperature, in a dark room (Gowen et al. 2007 ). These food legumes were separated from broken, small and split seeds, dust and other excessive materials, cleaned and size-graded manually. 100 g of each line of raw beans were ground to a fine powder (particle size of 0.5 mm) using a kitchen mill and were used for chemical analysis, the rest were subjected to soaking treatments prior to cooking (Rehinan et al. 2004 ).
Chemical analysis
Protein contents of samples were determined after digestion with concentrated sulphuric acid according to the microKjeldalal method, as described in AOAC (1990) . The chemicals used were reagent grade (Merck, Darmstadt, Germany). All determinations were carried out in triplicate and calculated means were compared using LSD test at P<0.05. Mean values are reported in Table 1 .
Soaking treatment
Water uptake data were obtained by soaking 10 g seeds in 80 ml of distilled water in a beaker and maintained at room temperature (25°C). The soaking times were 0,6,12 and 24 h. After soaking for each period, the seeds were removed from water and drained for 2 min. Soaked legumes were also cooked by boiling, keeping seed to boiling distilled water ratio of 1:5 (ordinary cooking). The legumes maintained in boiling water for 3, 5 and 10 min. Then the beans were removed from the boiling water and allowed to cool and drain. The heated beans were left while being spread over tissue paper to remove surface water, kept in closed plastic container to equilibrate with the room temperature and then weighed. In general, a total of 10-15 min were enough to bring the beans temperature to 25°C. The weight gain was then calculated as the percentage of difference between the measured weight at a given time and the original weight. No corrections were made for the loss of solids leached into the soaking and cooking water (Taiwo et al. 1998) . At this step all split and cracked beans were removed manually and weighed. Weight of damaged beans was divided to soaked cooked beans weight and multiplied by 100 to report percentage of cracked beans caused by soaking and cooking treatments. All treatments were carried out on three sets of samples.
Texture evaluation 20 g of red kidney beans of Azna, Goli, D81083, Akhtar, Sayad, KS31164, Derakhshan lines were soaked in distilled water (ratio 1:5 beans to water). Soaking times were 12 and 24 h. Soaked beans were divided into two groups, the first group were directly used for texture analysis but the second group were cooked in boiling distilled water (ratio 1:5 beans to water) for 10 min. Cooked beans were drained for about 3 min, and placed in 250 ml covered plastic containers and cooled at room temperature for 0.5 h prior to texture analysis. 7 beans were selected to undergo puncture tests performed by an Instron Universal Testing Machine (model 1140). A cylindrical shape probe of 3.3 mm end diameter was used in puncture tests. An aluminum plate with dimensions of 10×10 cm 2 and thickness of 1.3 cm and a hole of 5 mm diameter in its centre, was supported on the Instron base. The cutter was lowered at the speed of 200 mmmin −1 . During operation, the orientation of each bean was kept uniform. Beans were placed on their side, with the hilum pointing away from the observer. Cutting the sample transversely through the centre at the hilum, the probe was allowed to cross the thickness of the bean. The probe was stopped 1 mm away from the plate. Seven legumes were chosen as a representative sample of the soaking population to undergo compression at each sampling point, since variation in texture was substantial. Red bean hardness was defined as shear strength. The shearing strength determines the degree to which the bean cells are held together.
S ¼ F=pdt
Where "S" is the shearing strength gf/cm 2 , "F" is shearing force (maximum force required to shear the bean, the peak of the force-deformation curve) recorded in gf per sample, "d" is the diameter of cylindical probe and "t" is the thickness of each bean (Gowen et al. 2007; Mohsenin 1986 ).
Experimental design
The experiment was conducted in factorial form, using a completely randomized design with three replications to study the effects of lines, soaking and cooking time on water absorption and splitting percentage. The first factor was eight different red bean lines including Azna, Goli, D81083, Akhtar, Sayad, Naz, KS31164 and Derakhshan, the second factor was soaking time (0, 6, 12 and 24 h) and the third factor was cooking time (3, 5 and 10 min). 10 g seeds were used for each replication. LSD test was performed to compare the means. The significance level 'a' for these comparisons was set to 0.05. Data were analyzed by SAS (version 8.02, SAS Institute Inc, 2001, Cary, NC) .
Experimental design for texture analysis was a factorial experiment including three factors arranged in a completely randomized design with seven replications. The effect of seven red bean lines (Azna, Goli, D81083, Akhtar, Sayad, KS31164, Derakhshan), two soaking periods (12 and 24 h) and two cooking level (0 and 10 min) on texture were studied in this design.
Results and discussion
Protein contents of different lines of red bean are presented in Table 1 . Derakhshan and Azna contained the highest and the lowest value of protein (p<0.05) respectively. Considering the protein content of red bean lines it is clear that red beans are good sources of proteins for human consumption. Soaking and thermal processing improve protein digestibility of kidney beans (Abd El-Hady and Habiba 2003; Rehman and Shah 2005), therefore soaking studied red beans before utilization will increase their nutritive value when consumed directly or as an ingredient of certain meal. The effects of line, soaking and cooking time on water absorption were significant at p<0.01. Interactions of line and cooking time, line and soaking time, soaking and cooking time and interaction of line, soaking time and cooking time on water absorption were significant at p<0.01. The effect of line and soaking time on splitting were significant at p<0.01 and p<0.05, respectively. The effects of other factors and their interactions on splitting were not significant. Table 2 summarizes the main effects of lines, soaking time and cooking time on water absorption and splitting.
Means presented for red bean lines show the comparison of red bean lines means averaged over all levels of soaking and cooking periods. As shown in Table 2 , D81083 line had the highest level of water absorption followed by Akhtar and KS31164 lines while Azna, Goli and Naz ones showed the lowest level of water absorption (p<0.05). Significant variations were noticed in splitting of the studied lines in Table 2 . KS3116 line had the lowest level of splitting while Akhtar and Sayyad had the highest level of splitting (p<0.05). Considering water absorption and splitting level, D81083 and KS31164 lines are recommended for industrial use as they had high level of water uptake and low level of splitting. Results presented for soaking time show the comparison of soaking time levels averaged Table 2 showed that longer soaking and cooking time increased water absorption significantly (p<0.05). Heating in boiling water for 10 min was not enough to soften the texture of red beans, more than 20 min were needed for this purpose. To determine the best lines and the best soaking and cooking time related to them that give maximum water absorption and minimum splitting, interactions will be discussed.
Interactions of soaking and cooking time on water absorption and splitting are shown in Table 3 . Interaction of 6 h soaking and 5 or 10 min cooking showed the highest level of splitting because the surface and center of beans were not homogenously hydrated. Interactions of line and soaking time on water absorption and splitting are shown in Table 4 and interactions of line, soaking time and cooking time on water absorption and splitting are shown in Table 5 . Considering level of water absorption and splitting, one can conclude for Azna 24 h soaking and longer cooking time cause higher water absorption and lower splitting level. Goli line is not recommended for industrial use since its water absorption was low even after 24 h soaking. As it is clear in Table 5 , longer cooking time caused higher level of water absorption for Goli. D81083 line obtained a suitable water absorption level after 12 h soaking that was not significantly different from water absorption level after 24 h, but soaking for 24 h decreased the level of splitting after cooking (Table 4) . As shorter soaking time is more economical and causes less microbial growth, this line is highly recommended for industrial use. In Akhtar line, soaking for 24 h caused the highest level of water absorption with low splitting, while soaking for 6 h caused the highest splitting level. In this line longer cooking time caused significant increase in water absorption but did not increase splitting significantly. For Sayyad line, 24 h soaking and longer cooking time is recommended. According to Table 5 , it is clear that in Sayyad line 24 h soaking and 3 min cooking caused lower water absorption than 24 h soaking and 5 min cooking. Naz line is not applicable for industrial use because its color changes to grey after water absorption. If KS31164 line was soaked for 24 h, its water absorption would get significantly higher than 12 h soaking but splitting level would also be higher (Table 4) . So 12 h soaking and longer cooking time is recommended for this line. In the case of Derakhshan line, increasing soaking time caused more water absorption but did not change the level of splitting significantly (Table 4) . In Derakhshan the increase in cooking time resulted in more water absorption and decreased splitting significantly. Hence in Derakhshan line 24 h soaking time and longer cooking time is recommended. reported that slow hydration may be due to hemicellulose and pentosans in the seed coat which hinder the penetration of water while the Mean values within a column with different letters are significantly different using LSD test at P<0.05
middle lamella in legumes without seed coat may absorb the moisture fast.
Texture of soaked beans
The effect of line and cooking on red bean texture were significant at p<0.01 and effect of soaking on texture was significant at p<0.001. Interactive effects of these factors on red bean texture are shown in Table 6 . For all studied soaked red beans (except Azna), the force required to shear across the beans decreased with increase in soaking time and these results were in agreement with the findings of other researchers (Abu-Ghannam 1998). In fact, soil, climate, collection time and botanical variety difference are factors which might be responsible for the difference observed in the case of Azna.
As the cooking process continues the pectic substances decompose and the connection between the cells weakens and the shearing strength decreases. The seed coat and microstructure of seeds may be responsible for facilitating a rapid softening of seeds during soaking (Taiwo et al. 1998) . Results in Table 6 (interactions of soaking and cooking time) indicate that when beans are not cooked, 12 h soaking is not significantly different from 24 h soaking, but force required to shear across the cooked beans which had been soaked for 12 h was significantly higher than those cooked beans which had been soaked for 24 h (p<0.05). For Azna line 12 h soaking time got better results than 24 h soaking, that is less force was required to shear across the beans (Table 6 ), but the results in Table 4 showed that water absorption at 12 h soaking was low and so this line is not suitable for industrial use. Goli had a hard texture and the force required to shear across the beans was very high even after 24 h soaking. Therefore this line is not recommended for industrial use.
